Summary report no. 17, February 1949 by Project Whirlwind Research Staff
UKTOffftB 
PROJECT WHIRLWIND 
(Devi i -p 2 4 - X - 3 ) 
SUMMARY REPORT NO. 17 
FEBRUARY 1949 
Submitted to the 
OFFICE OF NAVAL RESEARCH 
Under Contract N5ori(30 
Project NR-048-097 
SERVOMECHANISMS LABORATORY 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Cambridge 39, Massachusetts 
P r o j e c t DIC 6345 
APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
This document contains information affecting 
the national defense of the United States within 
the meaning of the Espionage Act, 50 U.S.C., 31 
and 32, as amended. Its transmission or the 
revelation of its contents in any manner to an 
unauthorized person is prohibited by law. 
u 
CONFIDENTIAL 
T A B L E O F C O N T E N T S 
Page 
FOREWORD 1 
GENERAL STATUS 3 
INSTALLATION AND TESTING OF WWI 3 
SUMMARY SCHEDULE * 
LIFE OF VACUUM TUBES IN PULSED CIRCUITS . . . 6 
THE WHIRLWIND ELECTROSTATIC STORAGE TUBE . . 7 
CHECKING AND TROUBLE LOCATION 12 
Formation of Committee 
Test Problems 
Marginal Checking, Five-Digit Multiplier 
VISITORS I 3 
APPENDIX: Reports and Publications 15 
APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
CONFIDENTIAL 1 
F O R E W O R D 
Project Whirlwind 
Project Whirlwind at the Massachusetts Insti-
tute of Technology Servomechamsms Laboratory is 
sponsored by the Office of Naval Research under 
contract N5ori60. The original objective of the 
Project was the development of a device that would 
simulate airplanes in flight. An integral part of 
such a simulator is a digital computer of large 
storage capacity and very high speed, to provide 
continuous solutions to the equations of motion 
of an airplane. 
As Project Whirlwind has evolved, applica-
tions to other types of simulation and to control 
have become important. Because the digital com-
puter is basic to all these as well as to important 
applications in mathematics, science, engineering, 
and military problems including logistics and 
guided missiles, nearly all project resources are 
at present devoted to design of a suitable computer. 
The Whirlwind Computers 
The Whirlwind computers will be of the high-
speed electronic digital type, in which quantities 
are represented as discrete numbers, and complex 
problems are solved by the repeated use of funda-
mental arithmetic and logical (i.e., control or se-
lection) operations. Computations are executed by 
fractional-microsecond pulses in electronic cir-
cuits, of which the principal ones are (1) the flip-
flop, a circuit containing two vacuum tubes so con-
nected that one tube or the other is conducting, but 
not both; (2) the gate or coincidence circuit; 
(3) the electrostatic storage tube, which uses an 
electron beam for storing digits as positive or 
negative charges on a storage surface. 
Whirlwind I (WWI), now being developed, may 
be regarded as a prototype from which other com-
puters will be evolved. It will be useful both for a 
study of circuit techniques and for the study of dig-
ital computer applications and problems. 
Whirlwind I will use numbers of 16 binary digits 
(equivalent to about 5 decimal digits). This length 
was selected to limit the machine to a practical 
size, but it will permit the computation of many 
simulation problems. Calculations requiring great-
er number length will be handled by the use of mul-
tiple-length numbers. Five special orders expe-
dite the subprogramming of multiple-length oper-
ations, so that coding is no more complicated than 
for single-length numbers, but computing time is 
substantially increased. Rapid-access electro-
static storage will have a capacity of 32,000 binary 
digits, sufficient for large classes of actual prob-
lems and for preliminary investigations in most 
fields of interest. The goal of 20,000 multiplica-
tions per second is higher than general scientific 
computation demands at the present state of the 
art, but is needed for control and simulation studies. 
Reports 
Summary Report No. 2, issued in November, 
1947, was a collection of all information on the 
Whirlwind program up to that time. The present 
series of monthly reports is a continuation of the 
Summary Report series, designed to maintain a 
supply of up-to-date information on the status of the 
Project. 
Detailed information on technical aspects of the 
Whirlwind program may be found in the R-, E-, and 
M-series reports and memorandums that are is -
sued to cover the work as it progresses. Of these, 
theR-seriesarethe most formal, the M-series the 
least. A listof publications issued during the period 
covered by this Summary appears at the end as an 
appendix. Authorized personnel may obtain copies 
of any of them by addressing a request to the Office 
of Naval Research, Navy Department, Washington 
25, D. C ; or where approval has previously been 
arranged, to Jay W. Forrester, Project Whirlwind, 
Servomechanisms Laboratory, Massachusetts Insti-
tute of Technology, Cambridge, Mass. 
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GENERAL STATUS 
The WWI arithmetic element and arithmetic 
control have successfully performed all operations 
atdesigned speeds, as discussed in the next section. 
During March, circuits and voltage control panels 
will be installed to provide marginal checking in 
the arithmetic element, which will then be used to 
obtain data on reliability and operating tolerances. 
The most interestingof the new information on 
the reliability of vacuum-tube computing circuits 
was obtained in a 25-day trial run on the 5-digit 
arithmetic element, as described in the section on 
Checking and Trouble Location. Eighteen days 
were error-free, and during one run of 9 consec-
utive days the equipment performed 10 multipli-
cations without errors from any source. 
Project personnel and facilities are being 
concentrated on the completion of the WWI com-
puter; for the present longer-range research is 
being postponed. Magnetic recording, which has 
been carried at a one-staff-member level (Summary 
Reports 3 and 8), has been terminated, and mathe-
matics research has been curtailed in order to 
make staff time available for the design of trouble -
location and test problems. 
The Servomechanisms Laboratory has been 
asked by the Air Forces to study the use of high-
speed digital computers in air traffic control. Some 
members of the applications and mathematics 
groups will be transferred to that work. 
As the completion of WWI approaches, plans 
for its use must be formulated, and these will be 
discussed in future Summary Reports. An increas-
ing proportion of the Laboratory effort will be de-
voted to research in the applications of high-speed 
digital computers, with special emphasis on con-
trol and simulation. Use of the equipment for 
scientific and engineering purposes will probably 
be on a cooperative basis with other groups inter-
ested in digital computer applications. 
INSTALLATION AND TESTING OF WWI 
During the month of February, system test-
ing of the arithmetic element consisted of examin-
ation of individual arithmetic operations. Te»t 
control (see Summary Kepoiib 13 and 15) provided 
two toggle-switch input registers and the necessary 
sequence of control pulses. 
Two 15-digitbinarynumbers were successfully 
divided at a 1-megacycle pulse repetition rate. 
High-speed multiplication and division having been 
performed, the simpler arithmetic operations — 
shift-right, shift-left, add, and subtract — were 
done at normal operating speeds without difficulty. 
Only minor design changes were necessary to e s -
tablish the correct operation of scale factor, which 
determines location of the fif st one to the right of 
the binary point, and special add, which permits 
the addition of double-length numbers. Thus all 
arithmetic operations have been found to function 
satisfactorily. A study to improve operation mar-
gins throughout the arithmetic element remains 
to be made. 
During the initial tests a single operation was 
followed by a long wait (about 1000 microseconds) 
which allowed the result to be read from indicator 
lights. During the wait period all circuits had 
ample time to recover from any possible effects 
of the short period of high-speed operation. A new 
phase of system testing was then undertaken: the 
performance of a series of high-speed operations 
without the waiting period. This required the pro-
vision of a means for checking the results of each 
solution of a series. The equipment which will be 
used to perform such checks In the final WWI was 
not yet available, but a temporary checking means 
using the program register as a comparator was 
set up. At first, errors occurred after the fifth 
multiplication in a series of high-speed multiplica-
tions. Normal operation of WWI will probably never 
be so severe, but it was thought that to provide a 
safety factor the circuits should be better than 
actually required. 
Improvement of the band pass of certain cir-
cuits allowed the series to be greatly extended. 
During a one-hour test, over 150,000,000 successive 
multiplications of two 15-dlgit binary numbers were 
performed without error. Circuits used in the other 
arithmetic operations will be similarly tested. 
continued on page 6 
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While other tests are being made, data are 
being collected in concise diagram form to show 
the proper signal waveforms throughout the arith-
metic element. These diagrams will be of great 
use in maintenance, in trouble location, and in de-
tecting trends of component deterioration. 
By the end of February the following WWI 
equipment had been installed: 
1. The complete arithmetic element 
2. The restorer-pulse generator 
3 . The program register. 
Power wiring for the arithmetic element was com-
plete, for flip-flop storage 60% complete. 
L I F E O F V A C U U M T U B E S IN P U L S E D 
C I R C U I T S 
At the beginning of WWI development the need 
for reliable tubes was recognized as bas ic . Infor-
mation on tube life was lacking; therefore life tests 
on 100 6AG7 tubes, the type intended for use in flip-
flops and buffer amplifiers, were begun in July, 1947. 
It was not until the five-digit multiplier had been 
operating for about 1500 hours, however, that any 
tube deterioration became apparent. At this time a 
flip-flop instability began to appear which was traced 
to a gradually increasing current unbalance in the 
two halves of the flip-flop. (See Summary Report 6, 
March, 1948). 
The apparent cause of this deterioration was 
the gradual building up of an impedance, consisting 
of a resistance and capacitance in parallel, in the 
internal cathode circuit of the tube. This was dem-
onstrated by pulse tests of the aged tubes; and the 
effects could be simulated by similar tests with ex-
ternal cathode networks on good tubes. 
The life tests of the 100 6AG7 tubes had been 
going on all this time; but no significant deteriora-
tion in these tubes had been noted after several 
thousand hours. The differing results ir.ay bfl CA-
plalned by the differing conditions of operation. The 
100 tubes on life test operated at a 0-5 duty cycle, 
being turned on and off by a 60-cycle square wave 
on their grids. In the multiplier, one tube of a flip-
flop was off about 90% of the time. Professor 
W. B. Nottingham, of the Mil Physics Department, 
has suggested that operation of tubes with plate 
current off for longer periods than it i s on may 
produce a resistive barrier at the interface sur-
face between the nickel sleeve of the cathode and 
its oxide coating. It might be expected that in buf-
fer amplifiers with a duty factor of 0.02 or l e s s 
(on onlywhenpassing 0.1-microsecond pulses) such 
deterioration would be even worse. This was in-
deed so in the five-digit multiplier. Typical aver-
age values for plate current in d-c tests of 6AG7 
flip-flops and pulsed buffer amplifiers are pre-






















a s percent of 
initial cu r r en t 
64.9 
32.5 
It therefore appears that certain tubes deteri-
orate faster when used in pulsed circuits than when 
operated Class "A" (plate current always flowing) 
or at a high duty factor. Some tube types, however, 
do not exhibit this characteristic. In the multiplier 
the 6AS6, a Western Electric pentode, is used as a 
gate tube at the same low duty factor a s the 6AG7 
buffer amplifier. No serious decrease in plate 
current was noted for these tubes after about 2500 
hours of operation. Chemical analysis shows no 
silicon in their cathode s leeves . This was thought 
significant, and accordingly, in June, 1948, it was 
decided to change the flip-flop and buffer amplifier 
tubes in WWI from the 6AG7, the cathode of which 
contained silicon, to the 7AD7, whose cathode 
nickel had greater purity. (See Summary Report 0, 
June, 1948). 
During the past 8 months about 4000 hours of 
life testing have been accumulated on the 7AD7 
tubes that replaced the 6AG7 tubes in the 5-digit 
multiplier. Tubes from two different Sylvanla 
Electric Products Co. production lots were used. 
Production lot IjoB exhibited the same eiiaiat-ic! 
istic current deterioration in d-c tests as the 
6AG7 's they replaced, and pulse tests showed evi-
dence of the same type of interface barrier. Little 
silicon, however, was found to be present in the 
cathode nickel of these tubes. Production lot L7P, 
on the other hand, showed excellent characteristics. 
In d-c tests at 2500 hours, 10 tubes from this lot 
used as pulsed buffer amplifiers, and 8 tubes used 
as flip-flops, manifested an average plate current 
decrease of only 4.6% from initial values. This is 
very heartening data, and much effort is now being 
put into investigations to find the cause of the dif-
ference in the two lots. Some of the studies being 
made are along the following lines: 
1. Sylvania has found that both lots of 7AD7's 
were made with cathode nickel of low silicon con-
tent. The plates of the B8B lot, however, were 
made from aluminized steel,while the plates of the 
L7P lot were carbonized nickel-plated steel . This 
may be a significant factor. 
2. Sylvania has completed a series of experi-
mental 7AD7 tubes which it i s hoped will point out 
the reasons for the differences noted. Groups of 
tubes each of which has a single change from the 
L7P lot are on life test. 
3. During February, 1949, the five-digit mul-
tiplier was shut down and all tubes retested. Up to 
this time, 20 7AD7 's had deteriorated to an unusable 
point, and most of these showed evidence of serious 
interface trouble. In cooperation with the MIT 
Physics Department and the Raytheon Manufactur-
ing Company, spectrochemical analyses are to be 
made of the cathode-nickel surfaces in these tubes 
to determine just what this apparent interface bar-
rier consists of. 
4. In the hope of accelerating the formation of 
interface resistance for test purposes, a group of 
10 7AD7's are currently being operated with 8 vnlto 
on their heaters. Five of these have 90 volts on 
their plates and screens, and zero bias; five have 
zero plate and screen voltage and a -5-volt bias. 
A control group of ten are beingrun under the same 
conditions, but with 6.3-volt heater voltage. 
5. Contact has been made with a number of 
tube manufacturers. The problem has been pre-
sented to thcrr., and they have shown much interest 
in it. Any useful solution obviously depends on 
their cooperation. Therefore the efforts of the 
Laboratory will be directed toward a practical 
solution, and close contact with the manufacturers 
will be maintained. 
THE W H I R L W I N D E L E C T R O S T A T I C 
S T O R A G E T U B E 
Physical Description 
The electrostatic storage tube is a special 
cathode-ray tube in which binary digits are stored 
as charges on a dielectric surface. By electro-
static deflection of an electron beam, one of many 
storage spots on a dielectric plate can be selected 
(Summary Reports 7, 9). In each of the storage 
spots the tube can maintain either of two stable 
states of electrostatic potential. These two poten-
tials, referred to as zero and negative, are taken 
to correspond to the binary digits zero and one. 
The tube provides high-speed access to stored in-
formation, and no erasing is necessary since new 
information i s established in the tube independently 
of its prior condition. 
Figure 1 is a diagram of the essential parts of 
the tube. The storage surface i s separated by a 
thin dielectric from a signal plate. In front of the 
storage surface i s a grounded collector screen for 
the control of secondary electrons. In addition, 
this screen prevents switching potentials applied 
to the signal plate from affecting the electrostatic 
fields inside the tube, and thus prevents Interfer-
ence with the deflecting force applied to the electron 
beam. The writing-reading gun is an ordinary type 
cathode-ray gun. Itprovides acurrent of 50 micro-
amperes or more which can be directed at the de-
sired location on the storage surface. A second 
"lertron source operated i t low voltage piv:: 
uniform flood of electrons over the entire storage 
surface. This holding gun (Summary Report 10) 
maintains the pattern of zero and negative charges 
on the storage surface as stable signals, and com-
pensates for electron leakage among any of the 
charged spots. Current from the holding gun may 
be as great a s 5 milliamperes. 
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I CONFIDENTIAL 
WRITING-HEADING BEAM 
DEFLECTED TO THE SELECTED 
STORAGE LOCATION 
WRITING-READING G UN 
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ELEMENTS OF THE WHIRLWIND ELECTROSTATIC STORAGE TUBE 
The storage surface on top of the insulating 
film i s made of a mosaic of smal l squares of con-
ducting mate r ia l . In the present tubes this mosaic 
of about 40 squares per l inear inch i s made of 
beryl l ium evaporated through a wire mesh (Sum-
mary Report 12). The wri t ing-reading gun covers 
many of these squares at one t ime, so that a single 
binary digit is stored on a spot consisting of 10 to 
20 adjacent squares . The surface is thus e s sen -
tially continuous (Summary Report 9), so that the 
deflection system need not be constructed to aim 
the beam at a predetermined point on the d ie lec t r ic ; 
it must only make the beam re turn for reading to 
the same spot where a signal was wri t ten. 
Capacity 
Resea rch and design have been directed toward 
a tube which will store 1,024 binary digits per tube 
a s a 3 2 - b y - 3 2 a r r a y ona portion of the surface 3-3/4 
inches in diameter . Tes t s to date have sat isfactor-
ily demonstra ted a 16-by-16 a r r a y , or 256 points 
per tube, and storage pat terns 1 1 - b y - l l on only a 
sma l l pa r t of the surface show that the 32-by-32 
density can probably be obtained. 
Speed 
The goal for total a c c e s s time has been 6 m i c r o -
seconds , including the time required to se t the d e -
flection c i rcu i t s a s well a s the time required for 
tube read-out . Access time of present tubes ranges 
from 10 to 25 microseconds . Writing a new number 
a t present r equ i r e s a few microseconds longer than 
reading a number. 
Life 
Life tes t s a re only beginning, but tubes have 
operated some 500 hours without any apparent 
change in cha rac t e r i s t i c s . The life of a storage 
tube can probably equal that of a cathode-ray tube. 
Construction Program 
In the p rocess of the work to date ,46 r e s e a r c h 
CONFIDENTIAL '.) 
P R I M A R Y ELECTRON VELOCITY - VOLTS 
FIG. 2 
TYPICAL SECONDARY EMISSION CURVE 
tubes have been made for studying storage surface 
and electron guns. To provide evaporated surfaces 
for tests and for storage tubes , 115 evaporation 
tubes have been p rocessed . Forty-five storage 
tubes have been constructed for tes t purposes. Of 
these the las t 12 have been of the type descr ibed 
here and i l lustrated in Summary Report 12. Defec-
tive tubes due to mechanical causes (poor vacuum, 
open and shorted leads , etc.) have numbered only 
about 11%, which is very low, even though nearly 
all tubes have been d i s s imi la r and of special design 
for differing t e s t s . 
Operation: Basic Secondary Emission Phenomena 
When electrons s t r ike a solid surface, low-
energy secondary e lec t rons a r e re leased. The 
secondary emiss ion rat io is the ratio of the num-
ber of secondary electrons leaving the surface to 
the number of p r imary e lectrons striking the s u r -
face. A typical curve of secondary emission ratio 
a s a function of the pr imary electron velocity is 
plotted in Figure 2. Below the first crossover 
voltage the p r imary e lec t rons have such low ve -
locity and low energy that the number of secondary 
electrons re leased is l e s s than the number of 
pr imary e l ec t rons . Above the first crossover 
voltage is a wide range in which the number of 
secondary e lec t rons re leased is grea ter than the 
number of p r i m a r y e lec t rons . For a satisfactory 
storage-tube su r t ace . ihe secunclaiy emission ratio 
should reach a value grea te r than 2; and the tube 
will not function unless the secondary emission 
ra t io is g rea te r than 1, 
APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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The behavior of a secondary emitting surface 
behind a collecting screen p resen t s four pos^iu.,. 
conditions of importance. These conditions c o r r e -
spond to p r imary electron veloci t ies l e s s than and 
g r e a t e r than the first secondary-emiss ion c r o s s -
ove r voltage; and to collector potentials which are 
positive or negative with respec t to the storage 
su r face . 
FEWER SECONDARY ELECTRONS 
THAN PRIMARIES 
SURFACE COLLECTS ELECTRONS 
AND BECOMES MORE NEGATIVE 
MORE SECONDARY ELECTRONS 
THAN PRIMARIES 
EXCESS SECONDARIES LEAVING 
MAKES SURFACE POSITIVE 
ID) 
SECONDARY ELECTRONS RETURN 




VELOCITJf ABOVE. j ^ 5 
FIRST CROSS- ° J* 
OVER POTENTIAL • 
1 V 
MORE SECONDARIES THAN 
PRIMARIES BUT ALL RETURN 
TO SURFACE, WHICH BECOMES 
NEGATIVE 
FIG 3 
SECONDARY ELECTRON FLOW 
Figures 3a, 3b, and 3d correspond to condi-
t ions for the holding beam of the storage tube, and 
F igures 3b and 3d correspond to conditions for 
the wri t ing-reading beam. In Figure 3a the low-
velocity p r imary e lectrons re lease fewer second-
a r i e s than thei r own number. The excess pr imary 
e lec t rons r ema in on the surface and drive the 
surface m o r e negative, toward the potential of the 
e lec t ron s o u r c e . When the surface reaches the 
potential of this source there will be no net a c c e l -
. ».,.. voltage fnre lec t rons and they will no longer 
reach the surface. In Figure 3b the primary ci^c 
t rons are at higher velocity than f irst c rossover 
and re lease more secondaries than their own num-
be r . Enough of the secondaries a re collected by 
the screen to leave a deficiency of e lectrons at the 
secondary-emitt ing surface, which becomes more 
positive, until it reaches the potential of the col lec t -
ing screen . In 3c few electrons a re l iberated by 
the low-velocity p r i m a r i e s , but those that a re l ib -
erated are returned to the emitt ing surface because 
they a re repelled by the field between collector and 
surface. In Figure 3d the high-velocity e lec t rons 
re lease an excess of secondar ies . The secondar ies 
are emitted at low velocity and a r e repelled by the 
decelerating field between emit t ing surface and 
collector so that they are re turned to the emitt ing 
surface. The surface , therefore, becomes more 
negative at the rate permitted by electron supply 
in the pr imary beam. When the surface of e i ther 
3b or 3d reaches collector potential, conditions 
will be half way between those shown in the two 
cases , and the secondary e lec t rons collected by the 
screen will just equal the number of p r imary e l e c -
t rons striking the emitting sur face . It is to be 
noted that high-energy electrons always change the 
potential of the emitting surface in the direct ion of 
the collecting sc reen potential a s shown in Figures 
3b and 3d. 
Stored binary digits are represented by spots 
on the storage surface at potentials of zero and 
minus 75 volts respectively while the signal plate 
is connected to ground. If the signal plate i s now 
switched to plus 75 volts , the potential of each spot 
corresponding to a stored digit r i s e s by 75 vol ts . 
In general , the s torage surface follows approxi-
mately the voltage variat ions of the signal plate 
because of the capacitive coupling which exis ts 
a c r o s s the thin d ie lec t r ic . It i s thus possible to 
change momentarily the potential of the storage 
surface with respect to the collector sc reen by 
switching the signal plate. 
Writing 
In the writing of zero and negative charges on 
COr ^TDENTIAL 11 
tin- jtcri ' . ;* surface, voltages on the deflection plates 
of the wri t ing-reading gun first a re se tcor respunu 
ing to the location of the spot where a digit is to be 
»• itten. 
Writing of a zero charge: The storage surface 
will, under bombardment by high-velocity e lec t rons , 
be brought to the potential of the collecting sc reen , 
which is always at ze ro , or ground, potential. If the 
storage surface was negative, the high-velocity 
beam will change it to zero potential. If the storage 
surface was previously at ze ro , however, no change 
will resul t . 
Writing of a negative charge (i.e., the digit 
one): The signal plate is first changed to a positive 
voltage. This changes the original negative and ze ro 
voltages to zero and positive voltages with respect 
to the collector sc reen . The high-velocity beam 
now brings the storage spot to the screen potential. 
No change resu l t s if the chosen spot was originally 
negative (zero after signal-plate switching). The 
spot d ischarges to collector potential if it was for-
merly zero (positive after switching). Thus the 
selected storage spot i s established at zero , r ega rd -
l e s s of its previous potential, and becomes negative 
when the signal plate is switched back to ground. 
Holding 
If there were not some mechanism for r e s t o r -
ing leakage and compensating for other dis turbances, 
the stored signals would soon disappear . Figure 4 
shows several negative and ze ro spots under the 
influence of the holding e lect ron beam. These 
e lectrons come from a cathode whose potential with 
respect to the collecting screen is negative by about 
twice the first c rossover voltage on-the secondary 
emission curve for the storage surface. On Figure 
2 this holding-beam potential is shown as V b . In 
Figure 4 both the zero and negative spots represen t 
stable surface potentials . 
Should a spot of ze ro potential become slightly 
positive, the conditions of Figure 3d would apply 
and electrons would be collected until the a rea r e -
turned to collector potential. Should this spot be -
come slightly negative, the conditions of Figure 3b 
would apply, and e lec t rons would be lost until the 
surface reached collector potential. It is seen, then, 
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OPERATION OF HOLDING ELECTRONS 
that the zero potential i s stable and that any devi-
at ions will be cor rec ted . 
A negative spot is correspondingly stable. 
Since it tends to be at the same potential a s the 
holding-gun cathode, e lec t rons will be decel -
e r a t ed as they approach and will a r r i v e with 
low or zero velocity. If the negative spot b e -
c o m e s slightly more positive than the holding-gun 
cathode, the conditions of Figure 3a will apply. 
P r i m a r y electrons will s t r ike at a very low velocity, 
l iberating few secondar ies , and the collected p r i -
m a r i e s will drive the spot more negative, toward 
the potential of the holding-gun cathode. On the 
other hand, if the negative spot has become more 
negative than the holding-gun cathode, it then r e -
flects all p r imary e lec t rons , since they have not 
enough velocity to reach the surface; and the nega-
tive spot will gradually become more positive a s 
leakage to other pa r t s of the tube occurs . Thus 
APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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the negative spot is likewise stable, and leakage 
can be compensated by the holding-gun e lec t rons . 
During the operation of writing a negative s ig -
nal, the e lec t rons from the holding gun a re cut off 
momentarily so that they will notdlsturb the charges 
on the remainder of the storage surface. If the 
holding gun were left on during this period, it would 
tend to change the ze ro signals to negative signals ' 
in the tube. 
Reading 
Reading Is accomplished by deflecting the high-
velocity beam to the desired point and examining 
the change in signal-plate potential when the beam 
is pulsed. When a zero signal is being read, no 
change occurs on the storage spot, and no output 
signal is obtained. When a negative signal i s being 
read, however, conditions correspond to those in 
Figure 3b, and electrons flow away from the s torage 
spot. By capacitive coupling through the die lect r ic , 
the signal plate i s made positive and the d i sp lace -
ment cur ren t is detected as a positive output signal. 
The video output signal can ideally be as high as 
0.75 volt, but may be l ess than one-tenth this value 
depending on the nature of the output coupling 
circuit . 
CHECKING AND TROUBLE LOCATION 
Formation of Committee 
In order to develop effective procedures for 
use on WWI, a committee has been formed to study 
methods of checking and trouble location. Tenta-
tive staff ass ignments have been made to investi-
gate the following interrelated phases of this work: 
(1) checking sequences to determine if the entire 
computer is operating satisfactorily, (2) t rouble-
location problems lor the isolation of permanent 
faults, (3) marginal checking procedures to find 
deter iorat ing components, and (4) demonstration 
problems for use with test storage and oscilloscope 
display which may provide a type of smoothness 
check. In these studies emphasis i s to be placed 
on the devising of tes t sequences which a r e auto-
matic and which require no additional equipment. 
In order to coordinate the program with other 
ac t iv i t ies , in teres ted staff member s in addition to 
those assigned to active work on the problem will 
meet periodically for group discuss ions of the work 
in p r o g r e s s . 
Tes t Problems 
Prob lems to be used in test ing WWI may be 
divided into two c l a s ses : check problems to tell 
whether a trouble ex i s t s , and trouble-location prob-
lems to isolate a trouble once it i s known to exist . 
Each of these c l a s ses may be further subdivided 
into those used in connection with static faults and 
those used in connection with dynamic faults. 
It is comparatively simple to es tabl i sh the 
presence of a fault in multiplication or division by 
a set of three to five problems which when p e r -
formed in WWI use every stage in the multiplying 
or dividing c i r cu i t s . Such problems can be called 
static check problems, since they check the com-
puter only for s teady-sta te t roubles equivalent to 
the removal of a tube from a socket or a cable 
from a jack. Marginal checking is intended to 
t ransform incipient and intermittent fa i lures into 
steady fai lures , thus permitt ing the check problems 
to pick up such bothersome t roubles . 
Dynamic faults which resu l t from rapid repe-
tition of s imi lar operations (so-called pulse-
repetition-frequency or prf sensitivity) require a 
second type of check problem in which cer ta in op-
era t ions are repeated at the highest possible rate 
over a long period of t ime. Such checking requi res 
use of a la rger number of different p rob lems than 
static checking; just how large a number has not 
yet been determined, but about twenty different 
problems will probably suffice. 
The length of a trouble-location sequence will 
vary considerably, depending on how closely the 
scheme is intended to isolate the trouble and also 
how much additional equipment is u=ed. It s « m s 
likely that even with relatively short p rograms , 
and with no ex t ra equipment, a fairly satisfactory 
location of trouble can usually be obtained. 
Tes t problems which have so far been worked 
out In detail for WWI have not covered trouble 
location, but have been re s t r i c t ed to problems for 
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checking the ar i thmetic element in conjunction with 
the temporary test control and s torage . For this 
purpose it has been found convenient to check the 
r e su l t s of individual steps of multiplications and 
divisions r a the r than final a n s w e r s . In multipli-
cation a complete static check can be obtained by 
using five p rob lems and checking three or four 
s t eps in each. The operands a re chosen with more 
regard to a simple binary form for easy insertion 
and checking than to ultimate efficiency in reducing 
the number of problems. Division can be checked 
by solving four problems and checking the resu l t s , 
the numbers again being chosen for simple binary 
form. In la ter check-problem sequences with tes t 
s torage or e lect ros ta t ic s torage, it may be neces-
s a r y because of storage l imitat ions to choose ef-
ficient problems without regard tobinary simplicity, 
but a t present the use of simple numbers s eems to 
be extremely des i rable . » 
It is interest ing to note that a problem which 
tu rns out to make the most r igorous demands pos-
sible on the h igh-speed-car ry c i rcui t is to all 
appearances such a simple one — the division of 
one-quar ter by one-half — that it was chosen a c -
cidently by the systems engineers as the f irs t 
division ever to be performed on the Whirlwind 
computer . 
Marginal Checking. Five-Digit Multiplier 
The initial life run on the five-digit multiplier 
to test the marginal checking procedures (see 
Summary Report 15) was s tar ted on January 25 and 
ended on February 18. During this period a total 
of 505 operating hours was accumulated. About 50 
hours (1 to 2 hours per day) was spent in marginal 
checking, servicing,and study,and there was a 25 -
hour shutdown period because of a filament-power 
fa i lure . 
The mult ipl ier , which uses 200 vacuum tubes, 
was solving the problem 31 x 31 periodically at the 
ra te of 15,000 multiplications a second. At leas t 
18 of the 25 days included in the Initial test were 
completely e r r o r l e s s . Of these , the maximum 
number of successive e r r o r l e s s days was 9. Some 
10 complete multiplications were performed d u r -
13 
ing this period, or about 10 ' vacuum-tube opera-
tions (counting each t ransi t of a pulse through a 
tube or each tr iggering of a l l lp-llop as one 
operation). 
Duringthe tes t 16 e r r o r counts were recorded; 
of these, at least 5 occurred non-consecutively. 
Nine e r r o r s were traced to t rans ien t s introduced 
into the ar i thmet ic element by failure of d-c power 
indicator l ights . One of these occur red the first 
day of the tes t , and eight occurred over the week-
end which included the 5th, 6th, and 7th days . 
Four e r r o r s occurred on the 11th and 12th 
days, and were traced to improper operation of the 
filament voltage regulator . Three fai lures during 
the last 5 days were due to marginal operation of 
associated test equipment. This marginal opera-
tion had been detected before it caused e r r o r s , but 
was not cor rec ted at the t ime, since it was planned 
to make some al terat ions in this equipment at the 
end of the tes t . 
The indicator l ights whose failures caused 
e r r o r s - 4-watt , 110-volt incandescent lamps — 
were connected to the +150-volt source through a 
se r i e s r e s i s to r located at the source end of the 
line to the l ights . This voltage is used on the plates 
of flip-flops and gate tubes and on the sc reens of 
buffer ampl i f iers . Wi res leading to the indicator 
light and to the terminal s t r ip which dis tr ibutes 
power to the tubes on a given digit panel a re laced 
together in a cable for a distance of about two feet. 
Considerable capacitance exis ts , therefore ,between 
the indicator-l ight and the d-c power-distr ibution 
c i rcu i t s . Fa i lure of an indicator light caused the 
voltage on the wire leading to the light to jump 
from 110 to 150 volts a s the cu r ren t through the 
dropping r e s i s t o r was interrupted, so that a high-
frequency t rans ient was capacitively coupled into 
the power-distributio". c i rcu i t s . This difficulty was 
corrected by insert ing the dropping r e s i s to r directly 
at the indicator light. 
V I S I T O R S 
During February the Laboratory had among i t s 
v i s i to r s the following: 
Mr . Dwlght Ashley, Mr . Ray Bowman, Mr . Kirk 
Bell , Mr. Howard Barlow, and Mr . Frank Mitchell 
of the Army Security Agency, who were generally 
interested in our work and exper ience . 
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Mr. John W. Sheetz, Assistant to Dr . Waterman 
of ONR. 
Mr. E .B .Ca l l i ckof the Br i t i sh Navy Staff, Mr. 
A. W. Lines of the Telecommunications Research 
Establishment of the Ministry of Supply, and Mr. 
C. F . A. Wagstaffe of the Ministry of Supply, who 
were interested in our vacuum, construction, and 
process ing techniques for s torage rubes. 
Mr. James Cardell and Mr. R. L. McCormack 
of Raytheon, and Mr. C. F . Stromeyer and Mr . 
J. C. Harmony of Hytron, interested in the cathode 
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interface problem. 
Mr . Jesse Y. Bowman of North American Air-
craft, 
Mr . T . C. Chen of Edvac of the University of 
Pennsylvania, to d i scuss Whirlwind c i rcui t tech-
niques and test equipment especial ly. 
Mr . W. M. Richardson and Mr . M. C . Long of 
ONR, and Mr . R. J. Bergemann and Mr. R. W. Hart 
of the Boston Branch of ONR, to consider vacuum-
tube life problems with represen ta t ives of this 
Project and Prof. Wayne B. Nottingham of MIT. 
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APPENDIX 
REPORTS AND PUBLICATIONS 
The following repor t s and memorandums on Project Whirlwind work were among those issued during 
February: 
No. Ti t le 
SR-15 Summary Report No. 15 
R-143 Specifications for Standard Tes t Equipment 
R-153 Electrostat ic Storage Tubes for Digital 
Computers and Other Information P r o -
cess ing Systems (Abstract in E-200) 
R-154 Outlook for Electronic Digital Computers -
The Scope of the Engineering Involved 













R. R. Rathbone 
16 16 1-24-49 J . W. F o r r e s t e r 
2-16-49 J . W. F o r r e s t e r 
E-169 Electrostat ic Storage Tube Demonstrator. 
E-185 Beryll ium Strip Tubes, Test Results on 
RT 37, RT 38, and RT 41 
E-187 Influence of Ions on Holding Beam in Storage 
Tubes 
E-189 A Method of Determining Tube Types for 
Digital Computers 
E-191 Resea rch Tube 50: Construction and P r o -
cess ing 
E-192 Test ing of Storage Tube 69 
E-193 Storage Tube 67: Construction and P r o -
cess ing 
E-194 Ver t ica l Parabola through n- Points 
E-195 Status of Research on Magnetic Recording 
E-196 Storage Tube 71: Construction, Process ing 
and Initial Test ing 
E-197 An Investigation of Basic Circui t BA-2 
E-198 Storage Tube 64: Construction, Process ing 
and Initial Test ing 
E-199 Storage Tube 51: Construction, Process ing 
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H. E. Rowe 
M. Florencourt 
P . Franklin 
G. Cooper 
M. Florencourt 
H. B. F ros t 
M. Florencourt 
M. Florencourt 
M-768-1 Navy Logistics: - Note for Members of 
the ONR Committee Studying the 
Application of Computers 
Tube Conferences - January 31 , 1949 
Bi-Weekly Report . P a r t i . 2-4-49 
Bi-Weekly Report , P a r t II, 2-4-49 







Study of Checking and Trouble Location 
Methods 
P r o g r e s s Report: A Dual-Triode Capacitively-
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2 - 7-49 
2 - 4-49 
2 - 4-49 
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No. Title 
M-783 Envelope Dagging 
M-785 Progress Report: The Solution of Power 
Network Performance on Large-Scale 
Digital Computers 
M 786 Physical Electronics Seminar -
February 9, 1949 
M-788 Suggestions for Mental or Manual Binary 
Conversion 
M-789 Bi-Weekly Report, Part I, 2-18-49 
M-790 Bi-Weekly Report, Part II, 2-18-49 
M-791 Tube-Life Investigations 
M-794 Conference on Vacuum-Tube Problems 
- February 17, 1949 
C-81 Solution of Problems Stated in C-78 
C-86-1 Applications Study Group Working Notes, 
January 4 to January 11 
C-94 Example of Coding Procedure 
C-95 Applications Study Group Working Notes, 
February 8 to February 15 
C-97 Applications Study Group Working Notes, 
February 15 to February 29 
C-98 Ballistic Problem, Simplified Flow Diagr 
for Runge-Kutta Method 
No. of No. of 
Pages Drwgs. Date Author 
2 - 2-10-49 J. S. Palermo 
3 - 2-14-49 P. A. Fox 
2 - 2-15-49 E. S. Rich 
3 1 2-16-49 C. W. Adams 
18 - 2-18-49 
18 - 2-18-49 
2 - 2-21-49 E . S . R i c h 
2 - 2-24-49 E. S. Rich 
5 - 2-14-49 W. Welchman 
4 - 1- 6-49 W. Welchman 
11 - 2-14-49 W. Welchman 
2 - 2-11-49 W. Welchman 
2 - 2-17-49 W. Welchman 
4 - 2-18-49 T. W. Hildebrandt 
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